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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention Is related generally to a 
method for dry-cleaning garments or fabrics, and, more 
particularly, to such method using gas jets to provide ag- 
itation that removes insoluble/particulate soils and pre- 
vents the re-deposition of such soils. 

2. Description of Related Art 

[0002] A typical dry-cleaning process consists of a 
wash, rinse, and drying cycle with solvent recovery. The 
garments are loaded Into the cleaning drum and im- 
mersed in cleaning fluid pumped into the drum from a 
base tank. The soluble soils associated with the gar- 
ment fabrics dissolve in the cleaning fluid and hence are 
readily removed. However, insoluble soils must be phys- 
ically dislodged from the fabrics by agitation. According- 
ly, the drum tumbles the garments during the wash and 
rinse cycles to provide the necessary agitation to re- 
move insoluble soil by physical dislodgment. 
[0003] Sufficient care must be exercised to prevent 
the re-deposition of insoluble soil (also termed "particu- 
late soil") on the garments once it is initially removed. 
Generally, once a soil has re-deposited onto a garment, 
it cannot be removed by subsequent agitation. Accord- 
ingly, high solvent flow rates (on the order of 8.3 i per 
minute per kg of garments (one gallon per minute per 
pound of garments)) are generated to transport solvent- 
containing particulate soil out of the cleaning chamber 
and through a battery of filters before soil re-depositlon 
occurs. At regular intervals, the cleaning fluid must un- 
dergo a distillation step to remove the dissolved soils 
and dyes. The stills are either part of the dry-cleaning 
machine itself, or self-standing. 
[0004] The dry-cleaning industry has employed such 
solvents as perchloroethylene (PCE), petroleum-based 
or Stoddard solvents, CFC-113, and 1,1,1-trichlo- 
roethane, all of which are generally aided by a deter- 
gent. However, US Patent No. 5,467,492 (correspond- 
ing to EP-A-0 679 753) having the same assignee as 
the present application (entitled "Dry-Cleaning of Gar- 
ments Using Liquid Carbon Dioxide Under Agitation as 
Cleaning Medium") discloses an apparatus and method 
for employing liquid carbon dioxide as the cleaning me- 
dium in dry-cleaning operations. 
[0005] Regardless of the type of solvent used, agita- 
tion of garments in the cleaning medium is performed to 
accelerate removal of soluble soils and is essential in 
the removal of particulate (insoluble) soils. When con- 
ventional dry cleaning solvents are used, agitation is 
generally supplied by a rotating drum as described 
above. When liquid carbon dioxide is used, agitation 
may be provided by several means, such as gas bubble/ 



boiling processes, liquid agitation, sonic agitation, and 
liquid agitation by stirring. Each of these agitation proc- 
esses are described in the above-mentioned related 
"Liquid Carbon Dioxide" application. In short, the gas 

5 bubble/boiling processes induce agitation by boiling the 
cleaning solution so that gas bubbles are produced 
which, in turn . initiate the garment agitation and tumbling 
necessary for particulate soil dislodging. Liquid agitation 
involves providing liquid solvent inflow through one or 

w more nozzles arranged in such a configuration as to pro- 
mote the tumbling action through agitation of the clean- 
ing medium and thus the garments contained therewlth- 
In. Sonic agitation involves agitating the garments and 
fabrics with pressure waves and cavitation using sonic 

*s nozzles strategically placed around the internal perfo- 
rated garment basket. Finally, liquid agitation may be 
provided by simply stirring the cleaning solvent with the 
use of, for instance, an impeller located under the mesh 
garment basket. It is also known to use various agitation 

20 methods simultaneously to achieve greater agitation. 
[0006] It follows that, given the various types of equip- 
ment and chemicals employed in the dry-cleaning trade, 
It is relatively expensive to set up and operate a dry- 
cleaningestablishment. The initial capital investment in- 

25 eludes the purchase of a costly cleaning chamber with 
an agitation means as well as expensive pumps and 
large diameter plumbing, which is required to generate 
the high solvent flow rates used to prevent particulate 
soil re-deposition. Operating expenses include high 

so electricity costs to drive pumps generating high solvent 
flow rates, as well as the cost of cleaning solvents. 
[0007] While the expense of cleaning solvents is re- 
duced with the use of such dense phase gases as liquid 
carbon dioxide as opposed to conventional cleaning sol- 

ss vents, the initial capital equipment costs are even more 
pronounced in dry-cleaning processes utilizing dense 
phase gases. The higher costs stem from the necessity 
of operating such systems at high pressure in order to 
maintain the gases in a liquid state. For example, the 

40 operating pressure of a cleaning chamber employing liq- 
uid carbon dioxide ranges from about 500 to 1 ,500 psi 
(pounds per square inch; 35.2 to 1 05.4 Kg/cm 2 ) for the 
purpose of maintaining the carbon dioxide in a liquid 
state. The cost of high pressure chambers Increases lin- 

45 early with pressure, height, and the square of their radi- 
us. Thus, while liquid carbon dioxide costs only a frac- 
tion of the cost of conventional dry-cleaning solvents 
(such as PCE) and is preferred In terms of its environ- 
mental soundness, the higher initial capital investment 

50 required to Implement a liquid carton dioxide dry-clean- 
ing operation may prohibit a transition from conventional 
dry-cleaning solvents. 

[0008] FR-A-2036592 discloses a machine for dry- 
cleaning textile articles comprising a cleaning enclosure 
55 being traversed by orifices for projecting and evacuating 
fluid for cleaning the articles and causing them to move 
inside the enclosure, wherein a ventilator is provided 
and connected to said orifices for circulating said fluids, 
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a vane in the central portion of the enclosure, said vane 
being also connected to said ventilator, and said vane 
having orifices provided on its upper wall. During the 
dry-cleaning process a solvent is introduced into the 
ventilator and is supplied into the enclosure. 
[0009] US-A-1714223 relates to a deodorizing ma- 
chine comprising a closed drum, means for rotating the 
drum, longitudinally extending and circumferentially 
spaced conduits in the drum adjacent the inner periph- 
ery thereof, wherein the conduits have openings the- 
realong, means for passing air through the conduits and 
an air discharge outlet from one end of the drum. The 
conduits In the drum further serves as baffles or ribs to 
catch and rise the fabrics in the drum somewhat with the 
rotation thereof. 

[0010] US-A-5267455 describes a dry-cleaning sys- 
tem particularly being suited for employing supercritical 
C0 2 as the cleaning fluid consisting of a sealable clean- 
ing vessel containing a rotatable drum for holding the 
soiled substrate. The drum Is magnetically coupled to a 
motor so that it can be rotated during the cleaning proc- 
ess. 

[001 1 ] Thus, there is a need for a method of dry-clean- 
ing that provides the agitation necessary for removal of 
insoluble soils that is more cost-effective than existing 
equipment. 

SUMMARY OF THE INVENTION 

[0012] In accordance with the present invention, a 
method is provided which removes particulate soils from 
fabrics by agitation with gas jets. While conventional 
dry-cleaning processes combine agitation and solvent- 
Immersion steps to simultaneously remove both soluble 
and Insoluble soils, the present gas-jet agitation process 
is conducted separately from the solvent-immersion 
process. By removing particulate soils in a solvent-free, 
low pressure environment, considerable savings in 
equipment and operating costs may be realized. 
[0013] This is achieved by a process according to 
claim 1 . 

[0014] The apparatus which can be used for the pre- 
set invention comprises: 

(a) a walled vessel for receiving gas thereinto, the 
gas entering the walled vessel in at least one 
stream, the walled vessel having a side wall , an end 
wall, and a door, with the side wall defining a cylin- 
drical shape; 

(b) an inlet means attached to the side wall of the 
walled vessel, the inlet means comprising at least 
one nozzle for introducing the at least one stream 
of gas into the walled vessel; 

(c) reservoir means for supplying the gas to the Inlet 
means; 

(d) a liner within the walled vessel for containing the 
soiled garments and fabric materials to be cleaned, 
the liner selected from the group consisting of a per- 



forated liner and a mesh basket, the liner having a 
cylindrical shape; 

(e) a means for filtering the gas within the walled 
vessel; and 

5 (f) an outlet means In the walled vessel for removing 
said gas therefrom; 

whereby the soiled garments and fabric materials are 
placed in the liner within the walled vessel and agitated 
10 by the at least one stream of gas, whereupon the insol- 
uble materials are dislodged and removed from the 
soiled garments and fabric materials. 
[0015] By performing the gas-jet agitation process 
separately from the solvent-immersion process, solvent 
15 operations can be conducted at substantially reduced 
solvent flow rates. Accordingly, equipment such as 
pumps and cleaning chambers may be downsized for 
considerable equipment savings, and energy may be 
conserved by transporting smaller volumes of solvent. 
20 Further, the use of a separate gas-jet agitation process 
reduces the amount of detergents required for dry clean- 
ing. More specifically, one of the major functions of de- 
tergent is to suspend particulate soils in preparation for 
removal by agitation. The practice of the present inven- 
ts tlon reduces or obviates the need for detergent to serve 
as a suspension component. In sum, the gas-jet agita- 
tion process of the present invention provides the op- 
portunity forsubstantial savings in capital and operating 
costs. 

30 [0016] The gas-jettechnology of the present invention 
is applicable to any type of dry cleaning process. How- 
ever, the savings in capital and operating costs prove 
especially beneficial in dry-cleaning processes using 
dense phase gases as cleaning agents. In the high pres- 

35 sure environment required to maintain the liquid phase 
of dense phase gases, the capital costs of equipment 
such as cleaning chambers and pumps are notably 
higher. Given that the practice of the invention allows 
the particulate soil removal step to be accomplished in 

40 a low pressure chamber (usually less than 100 psi, or 
7.0 Kg/cm 2 ), expensive highpressure equipment may 
be downsized to reflect lowerf low rates, thereby achiev- 
ing a substantial reduction In capital costs. Finally, in 
dry-cleaning processes taking advantage of the natural 

45 refrigerattve properties of dense phase gases to cool 
equipment, the need to vent such dense phase gases 
for cooling purposes is decreased given the lower proc- 
ess heating effects resulting from decreased flow rates 
and agitation. 

so [0017] Importantly, reducing the capital costs neces- 
sary to implement a dense phase gas dry-cleaning sys- 
tem will make such solvents more competitive in com- 
parison to conventional dry-cleaning systems employ- 
ing such solvents as PCE, thereby accelerating the tran- 

55 sition to environmentally-preferred dense phase gas 
systems. 

[0018] The ability of the present gas-jet agitation sys- 
tem to remove particulate soils from garments and fab- 
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rlcs rivals that of conventional dry-cleaning processes 
which agitate the garments and fabrics while immersed 
In solvent. Advantageously, the simple design of the ap- 
paratus employed in the practice of the Invention has no 
moving parts and is relatively Inexpensive to fabricate 
and maintain. Further, the gas used as a means of agi- 
tation maybe any commonly-available inexpensive gas, 
such as carbon dioxide, nitrogen, or air, so that the proc- 
ess is environmentally-friendly Thus, the method of the 
present invention allows the realization of substantial 
savings In capital and operating costs in exchange for 
a relatively modest investment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

FIG. 1 is a cut-away perspective view illustrating a 
gas-jet cleaning apparatus constructed for the 
present invention and suitable for commercial use; 
FIG. 1 A is an enlarged cut-away view of the nozzle 
configuration of the gas-jet cleaning apparatus of 
FIG. 1 , illustrating the proper orientation of the noz- 
zles in the practice of the invention; 
FIG. 1B is a schematic diagram of the supporting 
apparatus for operating the cleaning chamber in a 
closed loop fashion; 

FIG. 1C is a schematic diagram of the supporting 
apparatus for operating the cleaning chamber in an 
open loop fashion; and 

FIG. 2 is a schematic view of the simple gas-jet 
cleaning apparatus in which the tests of Examples 
1-5 were conducted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] The agitation and solvent-immersion steps of 
a conventional dry-cleaning process can be separated 
for substantial savings in capital costs and operating ex- 
penses. Gas-jet agitation may be performed to remove 
particulate soils from garments and fabrics, while sol- 
vent immersion with minimal agitation may be conduct- 
ed to remove soluble soils in a separate process. By 
separating these two basic dry cleaning steps, the cap- 
ital costs and operating expenses necessary to conduct 
the solvent-immersion step may be substantially re- 
duced. 

[0021] To dry clean garments and fabrics soiled with 
both particulate soils and soluble soils, both agitation 
and solvent-immersion steps are necessary. Generally, 
both types of soils are present in soiled garments. While 
gas-jet agitation is very effective in removing particulate 
soils (as illustrated by the Examples below), solvent-im- 
mersion is required to remove soluble soils such as body 
oils. Thus, while it Is conceivable that the dry-cleaning 
process may consist only of gas-jet agitation, solvent- 
immersion will be required as well. 



[0022] The gas-jet agitation process may be conduct- 
ed either before or after a solvent-Immersion step. For 
garments containing a minimal amount of soluble soils, 
it is advantageous to perform the gas-jet agitation first. 

5 Redeposltlon of particulate soils is minimized under 
these conditions. In contrast, for garments containing 
large amounts of soluble soils, it is advantageous tocon- 
duct solvent immersion first, since soluble soils can ac- 
tually bind particulate soils to fabrics. The removal of 

10 soluble soils by immersion in dry cleaning solvents may 
effectively prepare the particulate soil to be released 
from the fabric by gas-jet agitation. 
[0023] Turning now to the drawings, wherein like ref- 
erence numerals designate like elements, an apparatus 

15 representing a preferred embodiment of the gas-jet 
cleaning chamber of the present invention is portrayed 
in FIG. 1 . The fabrics and garments 10 to be cleaned 
are loaded into a liner 12 within the cleaning chamber 
14. The cleaning chamber 14 is constructed of a solid 

20 side wall 16 and a solid end wall 18, such that with the 
addition of a door (cut away), it completely encloses the 
liner 12 and garments 10 during processing. The liner 
12 serves to contain the garments as well as to allow 
the transmittal of gas 20 for purposes of inducing agita- 

25 tion of the garments and transporting soil away from the 
garments. As such, the liner 12 must have sufficient 
structure to contain the garments balanced with suffi- 
cient holes to allow the transmittal of gas 20. The liner 
12 may be in the form of a perforated drum, but, to sim- 

30 piify maintenance procedures, it is preferably a remov- 
able inner basket made of screen mesh. To encourage 
an effective garment circulation pattern during agitation 
(as discussed more fully below), the shape of the liner 
should be such as to promote a continuous tumbling ac- 

35 tion of the garments 10 into the vortex of the flowing gas 
stream 20. Accordingly, the liner 12 is preferably con- 
structed in a cylindrical shape. Between the liner 1 2 and 
the solid walls of the chamber are gas filtering means 
22 designed to remove insoluble particulates from the 

40 gas stream 20. The filtration means 22 may comprise 
equipment such as, but not limited to, electrostatic pre- 
cipitators or paper filters. Although not shown In FIG. 1, 
the door of the cleaning chamber 14 should likewise be 
equipped with filtration means. 

45 [0024] A gas Inlet (or inlets) 24 is provided at the side 
wall 16 of the cleaning chamber 14. The gas inlet 24 is 
connected to at least one nozzle 26. As shown in greater 
detail in FIG. 1 A, the nozzle 26 should be oriented such 
that the gas stream 20 is tangent, or slightly inward of 

so tangent relative to the liner 12, and hence sets up a vor- 
tex motion within the liner 12. Preferably, a manifold of 
nozzles 26 is provided for more effective agitation of the 
garments 10. When multiple nozzles 26 are used most 
of the nozzles should be aligned to contribute to the vor- 

55 tex motion of the gas 20. 

[0025] The liner 12 must have a set of holes 28 that 
are aligned with the manifold of nozzles 26, such that 
the flow of incoming gas 20 is unimpeded by the liner 
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12. These holes 28 may be comprised of perforations 
in the liner 12 as described above, or may be additional 
holes specifically located to match the nozzle arrange- 
ment. 

[0026] Referring once again to FIG. 1 , it is preferable 
that the manifold of nozzles 26 be located along the side 
wail 16 of the cleaning chamber 14 and span the entire 
length of the liner 12. The manifold of nozzles 26 is con- 
nected vIq the gas inlet 24 to a gas supply reservoir. 
Lastly, a gas outlet 32 is provided In the cleaning cham- 
ber 14, preferably at the bottom. As in any process in- 
volving the transport and handling of fluids, it is impor- 
tant to properly size and tailor components such as noz- 
zles, pumps, pipes, and chambers (such as the cleaning 
chamber 14) to the specific application at hand. With 
proper design, optimum fluid flow rates, reduced cycle 
times, and ultimately, optimum performance may be re- 
alized. 

[0027] in the operation of the gas-jet cleaning cham- 
ber 14, the fabrics and garments 10 to be cleaned are 
loaded into the liner 12 f whereupon the cleaning cham- 
ber is completely enclosed by the placement of a door 
(not shown), A gas is transported into the chamber from 
the gas supply through the gas inlet24 and Into the man- 
ifold of nozzles 26, thereby forming a high speed jet 
stream. The high-speed gas sets up convectlve vortex 
currents in the enclosed cleaning chamber, as illustrated 
in FIG. 1. As the gas exits the nozzle(s) 26, its speed 
entrains the fabrics 10 within its vicinity. The fabric ex- 
periences a momentary acceleration relative to its trail- 
ing end as it is moved into the fluid stream 20, resulting 
in a "stretch". The fabric 10 relaxes upon reaching the 
apex of the vortex, whereupon the fabric slides down 
the wall of the liner 12 into the incoming gas stream 20 
to undergo another "stretch and relax" cycle. The re- 
peated "stretch and relax" cycles undergone by the gar- 
ments provide the continuous agitation necessary to 
mechanically expel particulate soils from the garments. 
Once expelled, the particulate soils are transported by 
the gas stream 20 out of the liner 12 and are removed 
from the gas stream 20 by the filtration means 22 within 
the cleaning chamber 14. Thus, it has been illustrated 
how the gas stream creates a continuous tumbling ac- 
tion to agitate the garm ents 1 0 . The filtered gas exits the 
cleaning chamber 14 via the gas outlet 32. 
[0028] The gas used In the gas-jet agitation cleaning 
process is preferably selected from a group of inexpen- 
sive, common non-toxic, non-flammable gases, al- 
though any gas would likely be effectual. Examples of 
such gases include, but are not limited to, air, nitrogen, 
and carbon dioxide. The phase of the gas employed 
may be either "dry" (uncompressed) or "dense phase" 
(compressed to the point of liquif icatlon). With an appro- 
priate choice of gas for use in the practice of the inven- 
tion, the present process can be conducted without the 
expensive environmental controls necessary when toxic 
chemicals such as PCE are employed. Only the partic- 
ulate soil removed from garments 10 by the process of 



the invention need generate any environmental con- 
cern, and one could speculate that soiling substances 
removed from garments should pose a negligible envi- 
ronmental threat. 
5 [0029] When compressed liquified carbon dioxide is 
used as the source of the gas jet, fluid enters the gas 
inlet 24 as liquid. A phase change takes place instanta- 
neously at the nozzles 26. A portion of the liquid boils 
into gas, leaving the remaining liquid at a lower temper- 
to ature. During short exposure times, all the carbon diox- 
ide vaporizes into gas, and hence the action is equiva- 
lent to jets of nitrogen. During longer exposure times, 
however, more substantial temperature drops will occur. 
If the pressure in the cleaning chamber 14 is also al- 
15 lowed to rise, a condition will be generated wherein a 
portion of the carbon dioxide remains as liquid. Specif- 
ically, for a portion of the carbon dioxide to remain in the 
liquid phase, the pressure must be above the triple point 
of carbon dioxide (75 psi, or 5.28 Kg/cm 2 ) and the tem- 
20 perature must be equal to the boiling point of carbon di- 
oxide at that pressure. Thus, the carbon dioxide takes 
the form of a liquid spray which can then contact the 
liner 1 2. Retaining at least a portion of the carbon diox- 
ide in liquid form can be beneficial. For example, if the 
25 liner 1 2 is covered with particulate soil, the spraying ac- 
tion can wash off the particulate soil into the filtration 
means 22, thus eliminating the possibility that the par- 
ticulate soil can be picked up by the garments as re- 
deposition soil. 

30 [0030] Various surface treatment agents may be add- 
ed to the gas of choice to enhance the dry cleaning proc- 
ess. For example, finishing agents commonly employed 
in the dry cleaning industry, such as sizing and anti-stat- 
ic agents, may be added. 

35 [0031] The present gas-jet process may be conduct- 
ed in either an open loop or closed loop fashion. A 
closed loop manner of operation is preferable If a spe- 
cific gas such as carbon dioxide or nitrogen is chosen, 
while an open loop operation is available if air is the gas 

40 of choice. Turning now to FIG. 1B, which illustrates a 
closed-loop mode of operation for a dense phase gas 
operation, the gas outlet 32 is connected to a condenser 
34 to condense the gas to a dense phase state in prep- 
aration for return to the gas supply tank 40. A ref rigera- 

45 tlon unit 38 extracts the heat from the condensation 
process. The pump 36 serves to transport the dense 
phase gas from the condenser 34 to the storage tank 
40. Dense phase gas returns to the cleaning chamber 
14 through inlet line 27. Other apparatus that may be 

so employed in a closed loop process include a valve (not 
shown) for introducing additives Into the dense phase 
gas before its entry into the cleaning chamber 14. Turn- 
ing to FIG, 1C, which Illustrates an open-loop mode of 
operation, equipment such as a fan or compressors 33 

55 may be used to transport the gas atthe pressure needed 
to form a high speed convective current. The choice of 
equipment used to transport the gas to the cleaning 
chamber 14 does not form part of the invention but 
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should reflect careful consideration of the process op- 
erating parameters. 

[0032] Typical pressures contemplated for the incom- 
ing gas 20 described herein range from about 1 0 to 300 
psi (0.7 to 21 .1 Kg/cm 2 ), depending on such factors as 
the amount and weight of the garments 1 0 to be cleaned 
and the flow rate of the gas 20. In general, higher pres- 
sures will be needed for larger, heavier garments 10 and 
for loads with a large number of garments 10. The pres- 
sure of the Incoming gas 20 should be controlled with a 
pressure regulator 41 since this pressure will in turn de- 
termine the flow rate. Flow rates will accordingly range 
from 100 liters per minute for a small chamber up to 
about 10,000 liters per minute for large loads. A pres- 
sure regulator 41 is critical when using a dense phase 
gas from a compressed gas supply, since its pressure 
is usually substantially higher than is necessary for the 
gas-jet agitation process. Although the cleaning cham- 
ber 14 may be operated near atmospheric pressure to 
simplify its design requirements, the present process is 
also effective at elevated pressure and may be conduct- 
ed within the solvent cleaning vessel (not shown), there- 
by eliminating the labor associated with loading and un- 
loading the vessel. 

[0033] The process of the invention can be conducted 
at any temperature that is compatible with the fabric 10 
to be cleaned. The upper temperature limit is that at 
which fabric shrinkage starts to occur. The lower proc- 
ess temperature for moisture-containing garments 10 is 
0°C, since formation of ice can trap particulates. In the 
practice of the invention the temperature is preferably 
within the range of about 0° to 50° C. While in general 
the use of ambient temperature gas is adequate, the 
temperature of the gas 20 entering the cleaning cham- 
ber 14 may be regulated by either a heater or a chiller 
unit (not shown). In one embodiment, gas-jet agitation 
can be started at a slightly elevated temperature to re- 
duce moisture content of the garments 10, then the tem- 
perature can be allowed to drop below 0°C. At the end 
of the particulate soil cleaning cycle, the gas tempera- 
ture can again be raised back to ambient temperature 
to prevent excessive condensation on the garments 10 
as they are removed from the chamber 14. Thus, gar- 
ment moisture regain can be regulated by the gas-jet 
temperature and initial moisture content of the garments 
themselves. Further, this approach is useful in reducing 
the pressure requirement when boiling liquefied gases 
are used to rinse the walls of the liner 12 during the gas- 
jet cleaning to prevent re-deposition, as described 
above. 

[0034] The optimal duration of the agitation process 
depends on many factors, such as the extent of soiling 
of the garments 10, load size, and the gas flow rates 
employed. However, it is advantageous to minimize the 
exposure of garments 10 to the agitation generated by 
high speed gas, which necessarily stresses the fabrics. 
As illustrated in the Examples below, gas-jet agitation 
may be effective in as little as 15 seconds, and in any 



case 5 minutes of agitation is" probably sufficient. Most 
preferably, the duration of agitation ranges from about 
1 to 2 minutes. By optimizing the duration of agitation, 
fabric stress may be reduced and system throughput 

5 maximized. 

[0035] As with solvent-based dry cleaning, it is nec- 
essary to prevent the re-deposition onto garments 10 of 
particulate soils already dislodged by gas-jet agitation. 
In the absence of a solvent, various strategies are avail- 

10 able to avoid re-deposltlon of particulate soils. These 
include employing ionized incoming gas to eliminate 
static charge as well as the use of electrostatic precipi- 
tators as a filtering means 22 for the outgoing gas. Fur- 
ther, re-deposition is avoided by the use of the liner 12 

is within the cleaning chamber 1 4. Without the liner 12, sig- 
nificant re-deposition is possible whereby garments 
contact the soil-coated side wall 16 and end wall 18 of 
the cleaning chamber during gas-jet agitation. Hence, 
the minimum "solid wall" surface area of a mesh or per- 

20 forated liner 12 allows particulate soils entrained in the 
gas stream 20 to pass through, while the garments 10 
are retained for further agitation, thereby protecting the 
garments from re-deposition. 

[0036] The following examples are provided to illus- 
25 trate the various principles of the gas-jet agitation meth- 
od and apparatus, as well as the effectiveness of gas- 
jet agitation in removing particulate soils from soiled gar- 
ments. 

30 EXAMPLES 

[0037] Examples 1-5 were conducted according to 
the method of the invention in a gas-jet cleaning system 
50 depicted schematically in FIG. 2. The cleaning cham- 

35 ber 52 was constructed from a cylindrical vessel 7.25 
inches (18.4 cm) in diameter and 14 inches (36.6 cm) 
tall. A nozzle 54, commercially available from Spraying 
Systems Co. of Wheaton, IL as Part No. 12515, was 
mounted at the center of the cleaning chamber 52 ap- 

40 proximately 7 inches (17.8 cm) from the bottom 56 of 
the cleaning chamber, pointing in an upright direction. 
The gas inlet 58 to the nozzle 54 was connected to a 
tank 60 containing compressed nitrogen, with the pres- 
sure regulator 62 set to 200 psi (1 .38 Mpa; 14.1 Kg/cm 2 ). 

45 A ball valve 64 was used to start and stop the gas flow. 
A heater 66 was provided in the inlet gas line 68 but was 
not used in these tests. A gas outlet 70 at the bottom 56 
of the chamber 52 was also provided. A false bottom 72 
made out of screen mesh was placed in the cleaning 

50 chamber 52 at a distance of approximately 7 Inches 
(17.8 cm) from the bottom 56 of the cleaning chamber. 
The false bottom 72 served to keep the fabrics away 
from the gas outlet 70 and the lower walls 74 of the 
cleaning chamber 52, as well as to allow the study of re- 

55 deposition patterns. A thermocouple 76 and a pressure 
transducer78wereinstalledtomonitortemperatureand 
pressure within the cleaning chamber 52. The cleaning 
chamber 52 was closed during operation with the place- 
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ment of a lid 80. 

[0038} Examples 6 and 7 were conducted for compar- 
ative purposes and do not represent the practice of the 
invention. Both of these tests employed the convention- 
al dry cleaning solvent perchloroethylene (PCE). The 
methods of agitation used in these tests are described 
below, but neither test used the gas jets of the present 
invention for agitation, 

[0039] In each test, rectangular pieces of cotton cloth 
measuring 2.75 inches by 4 inches (7.5 cm by 10 cm) 
were used as test fabrics. The samples were soiled with 
"rug dust" by the International Fabrlcare Institute (IFl), 
which customarily supplies such samples as standards 
used to measure the performance of dry cleaning proc- 
esses in removing particulate soils. These samples are 
used routinely by the dry cleaning industry for evaluating 
the effectiveness of cleaning processes. A hand-held re- 
flectometer was used to characterize the degree of soil- 
ing both before and after each test. Higher reflectance 
values indicate higher degrees of cleanliness. 
[0040] Results of the seven tests performed in Exam- 
ples 1-7 are reported in Table 1 below. Upon review of 
the final reflectance values presented in Table 1, it Is 
clear that gas-]et agitation performs as well In removing 
particulate soils as the conventional dry-cleaning meth- 
od of agitating garments immersed in liquid solvent. An 
analysis of re-deposition processes for the examples 
follows the recitation of procedures contained In the fol- 
lowing examples. 

TABLE 1 



INITIAL AND FINAL REFLECTANCE VALUES 


Example No. 


Time (min.) 


Reflectance 






Initial 


Final 


1 


1 


2.1 


2.7 


2A 


1 


2.1 


<2.6 


2B 


3 


2.1 


>2.6 


3 


1 


2.1 


2.7 


4 


0.25 


2.1 


2.7 


5 


1 


2.1 


2.7 


6 


15 


2.1 


2.7 


7 


15 


2.4 


2.8 



10 



15 



20 



25 



and the temperature remained at approximately 22°C. 
[0042] After the cleaning chamber 52 was returned to 
atmospheric pressure by venting through the gas outlet 
line 70 the test samples were removed and examined 
for cleanliness both visually and with the reflectometer. 
Cleanliness results are tabulated in Table 1 , above. Re- 
deposition was evaluated by examining the walls of the 
chamber both above and below the level of the screen 
mesh. 

Examples 2A and 2B : 

[0043] These tests were conducted identically to the 
procedure used In Example 1 , except that (1 ) twenty-six 
(26) pieces of test fabric were placed in the chamber 52 
instead of three and (2) the time of exposure was varied, 
The duration of exposure to the nitrogen gas jet was one 
minute for Example 2A and three minutes for Example 
2B. 

[0044] Examples 2A and 2B were designed to evalu- 
ate the effects of chamber loading, fabric stacking, and 
lengthier exposure time on the final cleanliness 
achieved in the practice of the invention. The cleanli- 
ness results are reported in Table 1, -above/Although 
the total amount of dust was substantially higher with 
this larger load, the final reflebtance was essentially un- 
affected in comparison to Example 1 . 



30 



35 



40 



45 



Example 1 : 

[0041] Three test samples were placed on top of the 
mesh screen 72 and the cleaning chamber 52 was 
closed. The samples were exposed to a 200 psi (14.1 
Kg/cm 2 ) nitrogen gas jet for one minute at a temperature 
of about 22°C. The gas outlet line 70 remained open 
throughout the operation of the gas jet, so that "soil- 
loaded" nitrogen was eluted as the incoming clean ni- 
trogen agitated the fabric test samples. During the op- 
eration of the gas jet, the maximum pressure in the 
cleaning qhamber 52 was 80 psi (552 Kpa; 5.6 Kg/cm 2 ), 



50 



55 



Example 3: 

[0045] Three test samples were placed on top of the 
mesh screen 72 and the cleaning chamber 52 was 
closed. The samples were exposed to a liquefied carbon 
dioxide gas jet for one minute at a temperature of about 
22°C. The source of the liquefied carbon dioxide was a 
tank pressurized to 360 psi (248 Mpa; 25.3 Kg/cm 2 ), 
the tank being attached to the inlet gas line 58. The gas 
outlet line remained open throughout the operation of 
the gas jet, so that 0 soil-loaded B liquefied carbon dioxide 
was eluted as the incoming clean carbon dioxide agitat- 
ed the fabric test samples. During the operation of the 
gas jet, the maximum pressure in the cleaning chamber 
was 190 psi (1 .31 Mpa; 13.4 Kg/cm 2 ), while the temper- 
ature dropped from 22°C to about -30°C. Under these 
conditions, a portion of the carton dioxide vaporized 
from liquid to gas, with the portion that remained liquid 
reaching the walls of the cleaning chamber 52. After the 
cleaning chamber was returned to atmospheric pres- 
sure the test samples were removed and examined for 
cleanliness as in Example 1 . Cleanliness results are tab- 
ulated in Table 1 , above. 

Example 4 ; 

[0046] This test was conducted identically to the pro- 
cedure used in Example 3, except that the time of ex- 
posure was reduced to 0.25 min. During the operation 
of the gas jet, the maximum pressure in the cleaning 
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chamber 52 was 111 psi (765 Kpa; 7.8 Kg/cm 2 ), while 
the temperature dropped from 22°C to about -1 .5°C. 
Under these conditions, essentially all of the carbon di- 
oxide vaporized from liquid to gas. The cleanliness re- 
sults for this example are reported in Table I, above, 
which indicates that decreasing the time of exposure to 
just 15 seconds does not necessarily adversely affect 
the ultimate cleanliness reached. Thus, it can be de- 
duced from these examples that most of the cleaning 
takes place in the first seconds of agitation. 

Example 5: 

[0047] This test was conducted identically to the pro- 
cedure used in Example 3, except that twenty-six (26) 
pieces of test fabric were placed In the chamber instead 
of three, along with one piece of clean fabric used to 
evaluate re-deposition onto the fabric. The cleanliness 
results for this example are reported in Table 1 , above. 
Although the total amount of dust was substantially high- 
er with this larger load, the final reflectance was essen- 
tially unaffected. 

Comparative Example 6 : 

[0048] A test sample was placed in a one liter jar along 
with 100 m! of perchloroethylene (PCE) and 1% Statlcol 
(dry cleaning detergent). After closingthe lid, the sample 
was vigorously agitatedfor15min.byan up/down shak- 
ing motion at a rate of about 60 times per minute. The 
sample was then removed from the jar and allowed to 
air dry. The reflectance of the same was then measured, 
with the results shown in Table 1 , above. 

Comparative Example 7 : 

[0049] A test sample was cleaned by a commercial 
dry cleaning establishment that utilized PCE, water 
(4%), and a detergent cleaning medium. This example 
Is included for comparative purposes to dry cleaning 
processes In which the agitation is conducted on sol- 
vent-immersed garments rather than by gas-jet agita- 
tion in a solvent-free, low-pressure environment. The 
cleanliness results forthis example are reported in Table 
1 , above, which indicates that the initial reflectance for 
this test sample was inflated compared to other exam- 
ples, but the final reflectance was essentially the same 
as that achieved in accordance with the practice of the 
invention. 

Analysis of Re-deposition Processes: 

[0050] In each of the Examples 1-5, dust (particulate 
soil) was visible on the walls of the chamber 52. Gener- 
ally about 80% of the dust was below the screen mesh. 
This stems from the fact that the turbulence necessary 
to keep soil in suspension was much higher above the 
screen bottom 72 of the cleaning chamber. 



[0051] In Examples 3 and 5, the dust was concentrat- 
ed a few inches below the screen mesh 72 and showed 
a characteristic pattern of having been washed down by 
the liquid carbon dioxide which had subsequently evap- 

5 orated upon reaching a warmer portion of the vessel. 
More specifically, it appeared that about 90% of the dust 
was below the mesh screen, indicating that the liquid 
washing technique was effective at reducing the possi- 
bility of re-deposition. Furthermore, the clean fabric 

10 sampte Initially added in Example 5 showed only a slight 
decrease in brightness further confirming minimal re- 
deposition. 

[0052] The experimental results of Examples 1-5, in 
comparison to Examples 6-7, show that gas-jet agitation 

15 is as effective in the removal of particulate soils as con- 
ventional solvent-immersed agitation. Furthermore, gas 
jet particulate soil removal is advantageous because (1 ) 
it substantially reduces the capital and operating costs 
of dry cleaning; (2) it isfasterthan conventional agitation 

20 processes; and (3) it can be accomplished in a "dry" 
state without additives. In fact, solvent immersion can 
be completely obviated by the practice of the invention 
for garments having only insoluble soil staining. 

25 INDUSTRIAL APPLICABILITY 

[0053] The method of agitating soiled garments and 
fabrics with gas jets to dislodge particulate soils is ex- 
pected to find use in dry cleaning establishments, and 

30 |s expected to hasten their transition from conventional 
toxic dry-cleaning solvents such as PCE to environmen- 
tally-friendly solvents such as liquid carbon dioxide. 
[0054] Thus, there has been disclosed a method for 
removing particulate soil from fabrics by agitation with 

35 gas jets In the absence of immersion in a liquid solvent. 
It will be readily apparent to those skilled in this art that 
various changes and modifications of an obvious nature 
may be made, and all such changes and modifications 
may be made without departing from the scope of the 

40 invention, as defined by the appended claims. 



Claims 

45 1 , A process for dry-cleaning garments and fabric ma- 
terials (1 0) soiled with both insoluble particulate soil 
and soluble soil by removing soiling substances 
therefrom, wherein soluble soil is removed by a sol- 
vent-immersion step 

50 characterized in that 

said insoluble particulate soil is removed in a 
solvent-free environment, separately from said sol- 
uble soil 
by: 

55 

(a) placing said soiled materials (10) in a liner 
(1 2) selected from the group consisting of a per- 
forated liner and a mesh basket, said liner (1 2) 
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being located in a walled vessel; 

(b) introducing into said walled vessel (14) at 
least one stream of compressed gas (20), said 
stream of gas (20) issuing from at least one 
nozzle (26); 

(c) contacting said soiled materials (10) with 
said at least one stream of gas (20), thereby 
agitating said soiled materials (1 0), whereupon 
said at least one stream of gas (20) collectively 
forms diffused gas; and 

(d) allowing said diffused gas to exit said walled 
vessel (14). 

2. The process of claim 1 wherein the compressed gas 
is compressed to the point of liquification. 

3. The process of Claim 1 wherein said at least one 
stream of gas (20) is selected from the group com- 
prising carbon dioxide, nitrogen, and air. 

4. The process of Claim 1 wherein said at least one 
stream of gas (20) comprises compressed gas hav- 
ing a pressure within the range of about 10 to 300 
psi (0.7 to 21,1 Kg/cm*). 

5. The process of Claim 4 wherein said compressed 
gas (20) is liquefied carbon dioxide. 

6. The process of Claim 1 wherein said at least one 
stream of gas (20) issues from said at least one noz- 
zle (26) at a flow rate of within the range of about 
100 to 10,000 liters per minute. 

7. The process of Claim 1 wherein said soiled materi- 
als (1 0) are agitated by said at least one stream of 
gas (20) for a period of time ranging from about 0.25 
to 5 minutes. 

8. The process of Claim 1 further comprising, following 
said contacting step (c) } treating said diffused gas 
to remove said soiling substances. 

9. The process of Claim 1 wherein said diffused gas 
is recompressed and then returned to said walled 
vessel in the form of at least one stream of gas. 



Patentanspriiche 

1 . Verf ahren zum Trockenreinigen von Kleidungsstiik- 
ken und Textllerzeugnissen (1 0), die sowohl mit un- 
loslichem partikularem Schmutz als auch loslichem 
Schmutz verschmutzt slnd, durch Entfernen von 
verschmutzenden Substanzen davon, wobel losli- 
cher Schmutz durch einen Schritt des Eintauchens 
In ein Losungsmittel entfemt wird, 
dadurch gekennzeichnet, daB 
der unlosliche partikulare Schmutz in einer losungs- 



mitteifreien Umgebung, getrennt von dem losllchen 
Schmutz, entfemt wird durch: 

(a) Hlnelngeben derverschmutzten Materiallen 
5 (10) in eine Auskleidung (12), die aus der aus 

einer perforierten Auskleidung und einem 
Drahtkorb bestehenden Gruppe ausgewahlt 
ist, wobel die Auskleidung (12) in einem durch 
Wande abgegrenzten GefaB angeordnet ist; 
10 (b) Einleiten von mindestens einem Strom an 

komprimiertem Gas (20) in das durch Wande 
abgegrenzte GefaB (14), wobei der Gasstrom 
(20) aus mindestens einer Duse (26) heraus- 
stromt; 

15 (c) In-Kontakt-Bringen des verschmutzten Ma- 

terials (10) mit dem mindestens einen Gas- 
strom (20), wodurch die verschmutzten Mate- 
riaiien (10) bewegt werden, woraufhin der min- 
destens eine Gas-strom (20) in derGesamtheit 

20 zerstreutes Gas bildet; und 

(d) dem zerstreuten Gas ermoglichen, das 
durch Wande abgegrenzte GefaB (14) zu ver- 
iassen. 

25 2. Verfahren nach Anspruch 1 , wobel das komprimier- 
te Gas bis zu dem Punkt der VerflQssigung kompri- 
miert ist. 

3. Verfahren nach Anspruch 1 , wobei der mindestens 
30 eine Gasstrom (20) aus der aus Kohlendioxid, 

Stickstoff und Luft bestehenden Gruppe ausge- 
wahlt ist. 

4. Verfahren nach Anspruch 1 , wobei der mindestens 
35 eine Gasstrom (20) komprimiertes Gas mit einem 

Druck innerhalb des Bereichs von ungef&hr 10 bis 
300 psi (0,7 bis 21,1 kg/cm 2 ) umfaBt. 

5. Verfahren nach Anspruch 4, wobei das komprimier- 
40 te Gas (20) verflGssigtes Kohlendioxid ist 

6. Verfahren nach Anspruch 1 , wobei der mindestens 
eine Gasstrom (20) aus der mindestens einen Duse 
(26) mit einer FlieBgeschwindigkeit innerhalb des 

45 Bereichs von ungefahr 1 00 bis 1 0.000 Liter pro Mi- 
nute herausstr6mt 

7. Verfahren nach Anspruch 1 , wobei die verschmutz- 
ten Materiallen (10) w^hrend eines Zeitraums, der 

so von ungefahr 0,25 bis 5 Minuten reicht, durch den 
mindestens einen Gasstrom (20) bewegt werden. 

8. Verfahren nach Anspruch 1 , welches ferner nach 
dem Kontaktierungsschritt (c) ein Behandeln des 

55 zerstreuten Gases zum Entfernen der verschmut- 
zenden Substanzen umfaBt. 

9. Verfahren nach Anspruch 1 , wobei das zerstreute 
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Gas wieder komprimtert wird und dann in der Form 
von mlndestens elnem Gasstrom zu dem durch 
Wande abgegrenzten Gef&B ruckgefuhrt wird. 



Revendications 

1 . Procede de nettoyage k sec de vetements et de ma- 
tures textiles (10) sails k la fois par des satissures 
particulates insolubles et par des salissures solu- 
bles, en eilminant les substances salissantes de 
ceux-ci, dans iequel les salissures solubles sont 6W- 
min6es au moyen d'une etaped'immersion dans un 
solvant, 

caracteris6 en ce qu'on 6limine lesdites salis- 
sures particulates Insolubles dans un environne- 
ment exempt de solvant, separ6ment desdites sa- 
lissures solubles, en : 

(a) plagant lesdites matures salles (10) dans 
une cuve interne (12) choisie dans I'ensemble 
constitue par une cuve interne perforce et un 
panier k mailles, ladite cuve interne (12) etant 
situee dans une cuve a parois ; 

(b) introduisant, dans ladite cuve & parois (14), 
au moins un flux de gaz comprime (20), ledit 
flux de gaz (20) provenant d'au moins une buse 
(26); 

(c) amenant lesdites matures salies (10) au 
contact dudit flux de gaz (20), au nombre d'au 
moins un, agitant alnsi lesdites matieres salies 
(10), apr&s quoi ledit flux de gaz (20), au nom- 
bre d'au moins un, forme collectivement un gaz 
diffuse ; et 

(d) laissant ledit gaz diffuse sortir de ladite cuve 
k parois (14). 

2. Proc§de selon la revendication 1 , dans Iequel le gaz 
comprint est comprime jusqu'au point de liquefac- 
tion. 

3. Proc6de selon la revendication 1 , dans Iequel ledit 
flux de gaz (20), au nombre d'au moins un, est chol- 
si dans I'ensemble comprenant le dioxyde de car- 
bone, i'azote et i'air. 

4. Procede selon la revendication 1, dans Iequel ledit 
flux de gaz (20), au nombre d'au moins un, est cons- 
titue d'un gaz comprint ayant une pression com- 
prise entre environ 10 et 300 psi (entre 0,7 et 21 ,1 
kg/cm 2 ). 

5. Proc6de selon la revendication 4, dans Iequel ledit 
gaz comprime (20) est du dioxyde de carbone Ilqu6- 
fi6. 



de ladite buse (26), au nombre d'au moins une, k 
un d6bit compris entre environ 100 et 10 000 litres 
par minute. 

5 7. Procede selon ta revendication 1 , dans Iequel les- 
dites matieres salies (1 0) sont agitees par au moins 
un flux de gaz (20) pendant un laps de temps com- 
pris entre environ 0,25 et 5 minutes. 

10 8. Precede selon ia revendication 1 , comprenant, en 
outre, apr&s ladite 6tape de mlse en contact (c), le 
traitement dudit gaz diffuse pour eiiminer lesdites 
substances salissantes. 

*5 9. Procede selon la revendication 1 , dans iequei ledit 
gaz diffuse est de nouveau comprim6 et ensuite ra- 
mene dans ladite cuve k parois sous la forme d'au 
moins un flux de gaz. 



30 



35 



40 



45 



50 



55 



20 



25 



6. Procede selon la revendication 1 , dans Iequel ledit 
flux de gaz (20), au nombre d'au moins un, provient 
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